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QUESTION PAPER SPECIFIC INSTRUCTIONS 

Please read each of the following instructions carefully before attempting questions. 

There are EIGHT questions divided in Two Sections and printed both in HINDI and 
in ENGLISH. 

Candidate has to attempt FIVE questions in all. 

Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted 
choosing at least ONE from each Section. 

The number of marks carried by a question/part is indicated against it. 

Answers must be written in the medium authorized in the Admission Certificate which 
must be stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space 
provided. No marks will be given for answers written in medium other than the authorized one. 

Assume suitable data, if considered necessary and indicate the same clearly. 

Unless and otherwise indicated, symbols and notations carry their usual standard meaning. 

Any page or portion of the page left blank in the answer book must be clearly struck off. 

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a question 
shall be counted even if attempted partly. 



























































Constants which may be needed 


Velocity of light in vacuum (c) 
Mass of electron (nig) 

Charge of electron (e) 


3x10 s ms } 

9-llxlO -31 kg 
1-602 x10“ 19 C 


Specific charge of electron 



\ 

J 


1 u = 1 a.m.u. = l-6605xl0 _27 kg 
Rest mass energy of electron (m c c 2 ) 
Permittivity in free space (e 0 ) 
Permeability of free space (fi 0 ) 

Gas constant (R) 

Boltzmann constant (k B ) 

Planck constant (h) 

(n) 

Bohr magneton (p B ) 

Nuclear magneton (p N ) 

Fine structure constant (a) 


1-76x10" C kg -1 

931-5 MeV 
0-5110 MeV 
8-8542x10 -12 C 2 N _l m -2 
4nxl0 -7 N A -2 

8- 314 J moR 1 K _l 
l-381xl0~ 23 J K _1 

6-626xl0~ 34 Js 
1-0546x10 _34 J s 

9- 274xl0~ 24 J T -1 
5-05lxlO^ 27 J 'T 1 
1/137-03599 


Mass of proton (M p ) 
Mass of neutron (M n ) 
Mass of deuteron (M d ) 
Mass of a-particle (M a ) 
Mass of 'gC 
Mass of '|0 
Mass of fgSr 
Mass of 4 He 


1 -0072766 u = 1 -6726x 10“ 27 kg 

1 -0086652 u = 1 -6749x 10~ 27 kg 

2-013553 u 

4-001506 u 

12-000000 u 

15-994915 u 

86-99999 u 

4-002603 u 




(•Wd ^ 3T3 tT 3T "3iT (c) 

(m e ) 

cjTT 3TT%3T (e) 


$^4£R f¥^T¥ 3TT%$T 


f „ \ 


m„ 


1 u = 1 a.m.u. = l-6605xl0~ 27 kg 
^F£R fd<m'RPTT soqnH 3V5TT (m e c 2 ) 
3TRFTST ^ fofpTSfteRT (e 0 ) 


3xl0 8 ms 1 
9-llxlO -31 kg 
1-602 x10“ 19 C 

1-76x10" C kg" 1 

931-5 MeV 

0-5110 MeV 

8-8542x lO" 2 C 2 N -1 m- 2 
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3?B 3TRFRT MKh^d'l (|i 0 ) 

= 

4txx10“ 7 NA' 2 

% fFRRF (R) 

= 

8-314 J mol' 1 K _1 

(k B ) 

~ 

1 -38 lxl0 -23 J K~ l 

RThF ff£RRF (h) 

— 

6-626xl0“ 34 J s 

00 

— 

1 0546xl0" 34 J s 

t^zFt (|i B ) 

— 

9-274xl0~ 24 J T -1 

RTftBFET J-t'^cTR (p N ). 

* = 

5 05IxlO“ 27 J 'T 1 

^JSFT RCRT1 f?*REF (a) 

= 

1/137-03599 

RfeTR 37T (M p ) 

— 

1 -0072766 u - 1 -6726x 10 27 kg 

(M n ) 

= 

1-0086652 u= 1-6749x10 27 kg 

5l°44M (M d ) 

= 

2-013553 u 

a-^FRT ^sqrrFT (M a ) 

= 

4-001506 u 

12 6 C ^PTR 

= 

12-000000 u 

'|0 ^PTR 

= 

15-994915 u 

|j|Sr ^FT ^R-tFT 

~ 

86-99999 u 

^He ^FT 

= 

4-002603 u 


‘A’ SECTION 6 A’ 

1. (a) Q/F RtcT % 4-0 keV ^4£Ki 50-0 cm R 3 him fad t I 5I5^4 «i4 % 

3Tf¥i%cRTT % 4TR4 'fowjR ^ ^TTcT <*1^ | 

A beam of 4 0 keV electrons from a source is incident on a target 50 0 cm away. 
Find the radius of the electron beamspot due to Heisenberg’s uncertainty principle. 10 

1. (b) TTcfi 10 nm % l.-forffa <fT<T ^ 4fd4l"4 % fcT^ Bcf (Vncl+t RRff 

cpT cfnr^^ i 

Calculate the lowest energy of an electron confined to move in a 1-dimensional potential well of 
width 10 nm. 10 

1. (c) ^ R?PT Rafael 3FR*TT ^ 4 FSTk hftsFRF ^ ^ sfRcft cldlW 

STT^RFf chlf^t^ I 

Estimate the de Broglie wavelength of the electron orbitting in the first excited state of the 
hydrogen atom. 10 

1 . (d) c^lf^ 7TPRR4 cfFT R RS-RF 3tWR % 3PJ ^ Pl4«i4dl RRff TcRf ^ Ryff tish^il % 
‘fPTcT 3FRTTR4 Fl^Tf F RsTT3fi ^ cftRcTT^ c(c-H lcH4> («KM{ RTT) ^tcft f 1 

Show that the lines in the absorption spectra corresponding to the rotational transitions from two 
adjacent energy levels of a medium sized molecule at room temperature have comparable 
intensities. 10 
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2. (a) 


2.(b) 


2. (c) 


3. (a) 


3.(b) 


3* (c) 


4. (a) 


H<vl fcF> HC1 3FJ«r?r Pl^dicb = 516 Nnf 1 f I SPJ% 4RH fcTR ^1 cPUT-l-TW 

I RRRT cTHT MCI 3FJ % ^FR4 3 f^cpft ^araft % #1 cfr 3TUTT ^ R 

ti4>al t ? 

Given the force constant of HC1 molecule = 516 NnT 1 , detennine the wave number of the 
fundamental mode of vibration of the molecule. How many transition lines one can expect in the 
vibration spectra of HC1 molecule at room temperature ? 10 

2 p 3Tcr*m 4 wmj ^ ft mfWRT ^rr 3n^pr i 

RT % Tl^ W f ? 

Evaluate the most probable distance of the electron from nucleus of a hydrogen atom in its 
2 p state. What is the probability of finding the electron at this distance ? 20 

wtfk* R WteFTRT tJWHr TT^ 1-f^ffa W 3TTRcff % 3lf^T5T^ 

4><Hdi 3fk atf^rSrd^ FTfifi ^FTf 3TTH | effa 3UTPTT3Ti % 3Tf^ef^FRl WTf % 

Using Schrodinger equation, obtain the eigenfunctions and eigenvalues of energy for a 
1-dimensional harmonic oscillator. Sketch the profiles of eigenfunctions for first three energy 
states. 20 

T^bO-1 nm^^3#?:4-0 eV % fc'm ^ 1-0 

14I eftfai} | 

Calculate the probability of transmission of an electron of 1-0 eV energy through a potential 
barrier of 4 0 eV and 0-1 nm width, 10 

^rf 'RTC 31T^ R?T4ci I % 'wl«Rl 3fk UUT JFbMd ^Fft r& | TT^fg- HR l fuqc^ 

3P3 % fvT%, ^ufH| r qch '^TT ^'<xH| % R?} RF eft ^sFRU| ^\ 3 {\ % spjpp tfR 

3fk 3R: TZt^\ ^T3Tf ^ft cTUT WJT3fi ^ RTF ^ftfa^ | 

Explain Stokes and anti-Stokes Raman scattering with the help of energy level diagram. For a 
diatomic molecule, obtain expressions for transition energies of its Raman spectra with rotational 
fine structure and hence the wave numbers of the Stokes lines. 20 

f% f^RT ^TTRT WT 3 f^Tvl RWi cFF RFRT %-facT ^npft Wf f, 

'd^eh IdfdRui tjufa: 3T^fqcl #cfT f I 

Explain why lines in some Raman spectra are found to be plane polarized to different extents 
even though the exciting radiation is completely unpolarized ? 10 

-ferR £\M I ?jwi ^ft qfbnfqcf I 

3ri^ -gq ^vll^ra 3F4F4T3fr % m % wrrt irf ciflPH 3rk 

PJRtftt uRMdH I3ff rimi | 

State Franck-Condon principle. Define Franck-Condon factors. Using schematic diagram, 
explain the decay of excited states leading to the phenomena of fluorescence and 
phosphorescence. 20 

RT5TT^ f4R ^TRT cftufiq % RT (L 2 ) 3ffc L % (L x , L y , L z ) 3 fl TT^, ^rfcl % 
FR R?t f I 

Explain why the square of the angular momentum (L 2 ) and only one of the components 
(L x , L y , L z ) of L are regarded as constants of motion. 15 
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4. (b) dnfkbkl iMchk 3Fpm (NMR) % %£RT kt TTcR ;$7iff 3flkl ^bt WWI 3" E T Ofrl 1 ^ | 
NMR cfft TTbfl brik^TTsfi % 'd^i^<. u l <1 PjH | TicR NMR ^ ^TT TJfjq fd^ 4 , i | 

fddilc) ^TT dd>cl ff ? 

Explain the principle of Nuclear Magnetic Resonance (NMR) with the help of an energy level 
diagram. Give examples of nuclei which exhibit NMR. What major inferences can be drawn 
from an NMR spectra ? 20 

4. (c) NMR WET 3 Wm33fi m 5-0 T 47T ^ pnqrb fqFTT f I 

WTTJ % ^rrfW k 3 ^ 5 bU| (f^FT) 3FTPTT3fi 3ffc NMR % fvfi 3TFFFFb fafWT ^bt 3TEffvl % 

3^rf *r 3TcR (ld/moi) kn?ffkr i 

In an NMR experiment, hydrogen atoms are subjected to a magnetic field of 5-0 T. Determine 
the difference in energy (kJ/mol) between two spin states of the nuclei of hydrogen atom and 
the frequency of radiation required for NMR. 15 


‘B’ SECTION ‘B’ 

5. (a) cTfife (kkrr) Rb 3tmfdd 10 MeV % 31Wf % cp^qrWfa (m^j) q^jxrfTT cfq 

^ iff (z = 82) kt Trfkbta fWi ^tt 3 o^dd ktkk i 

[fkn W f : (4 7re 0 y l = 9x 10 9 Nm 2 C 2 ] 

Estimate the order of nuclear radius of lead (Z = 82) using the large angle (back) scattering of 
alpha particles of energy 10 MeV incident on a target (lead). 

[Given : (4^ 0 )-‘ = 9x10 9 Nm 2 C" 2 ] 10 

5. (b) TlMk «FT 3TTkT fdd-ddl 3fh; 3TT%$T mrfkfcl % i b tf k q, I ^ ^ 

Distinguish between charge independence and charge symmetry of nuclear force. Give one 
example for each of these. 10 


5. (c) ^ fk kbb cRf P-&ET 3 % d<?ddd kt qidlPlcbd: W m ? 3bPT 

k'TS-ff^g fit f ’ ^b^T ^ W f ? 

Describe briefly how parity violation in P-decay was experimentally observed ? What do you 
understand by the statement, ‘neutrinos are left-handed’ ? 10 


S.(d) 


fFb 3qkfM<b E/b ^TTbPb #5 % 

h 2 \< 2 

f E = a—— ^rit a ff^ fkrcFb | 3m 
m o 

£°4dld ^7T q-pcbHd kYftk i 


fck ^rf(E) 3ik cikT frk^T(k) mbR 
m 0 ^fb bl $oddld I % R^mfl 


The energy (E) and wave vector (k) for a conduction band electron in a semiconductor are related 

D h 2 k 2 

as E = OC ———— where a is a constant and m 0 is the free electron mass. Calculate the effective 
m 0 


mass of the electron. 


10 
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Me) 


6. (a) 


6.(b) 


R 9 



fe)^ '[ f< tT 3RR fpTT RRT 'flfstfRTcRR^ RR^ R^RR : 

f^TT wf, R, = 10 kQ, R 2 = 150 kQ 3ffa RRtfRi % fRcfR t)r 3fk RR 

^u | RR5oT = 10 6 Hz I RRSfRT RfcT ^R #5 i ftsifftR *)fV3 I 


Consider the operational amplifier circuit given above : 

Given, R, = 10 kQ, R 2 = 150 kQ and the product of the open loop gain of the amplifier and its 
bandwidth = 10 6 Hz. Determine the closed loop bandwidth of the amplifier. 10 


(i) tg^gfR % ■yTSpff RTf Rft 3T-%^tR RR % 3ifWcR RR RR?fR RR?! f | 

(ii) fc[RT RRT 1? fR> 3TTR^f RRR^R> 31 md< ( ri [Rvfl-M <, ^f^cTTR Rtt ^Ptcl ) Rtl 

RRRT arf^roRfb 1%RT RnRfTRRTT -» 

Md=M„<r„ + M p cr p +i l. 

RTff / ^JgTR 3fk RtdTR % RH R7WlR f, <7 n <J p RTRcft RRRRT 

(fiFRR) 3tIH^d< f 3 ^/i b 3^ p p RTR3T: RMR)^ 3TRjyf f I R^JgfR RRT RRfR ^ 

D-3RRRT HlfdRdl RTR Rlfai) | 

[f^TT W f : // rf = 0-857 = -1 -913 

3^7/^ = 2-793 p N \ M n (RTMR^RTR)] 

(i) Write two properties of deutron which support the existence of non-central tensor force. 

(ii) Given that the deutron magnetic moment operator (in units of nuclear magneton) can 
be expressed as 

_ -V ‘ Mj=M„°n + Mp°p + H ’ _• . 

wnere / is the relative angular momentum between neutron and proton, 

<7 n and <y p are the Pauli spin operators and p n and p p are the respective magnetic 

moments. Find out the D-state probability of deutron wave function. 

[Given : p d = 0-857 p N , p n = -1-913 p N 

and fi p = 2-793 ju N ; p N (nuclear magneton)] 5+10=15 

(i) RfcT- ^j?<H 3RR RRR RRff (BE/A) % sfRRR RW A % RElST 3RRE3 +1 

30 5 A ^ 170 % ^ RfR r1rR3TTR 3^RcT RRR RRff (BE/A) ^1 RRRR f*R7RT R?f #RT 

fRS fWr RTRT f ? 

(ii) 3TTRcTR R^, Y 5 RR, R><Hm 3Tfc RRfMcr RSflRR Rcff <=hI RR 

RR^ tp, 3T^f 3TT2^llldR> ^°RRTR RTf^ I 

(i) H.ow does one explain the approximate constancy of average binding energy per nucleon 
(BE/A) of nuclei in the region 30 ^ A $ 170 in the plot of BE/A versus mass number 
A ? 

(ii) Write the semi-empirical mass formula pointing out the role of volume term, surface 

energy term, coulomb and symmetry energy correction terms. 5+10=15 


* 
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6.(c) 


7. (a) 


7.(b) 


7.(c) 


(i) TTcR ^ +1 ^ Wd, 3lk i^cT ddf % cftd 3 T^MT^tR^ Wddf 

^T dRPT 4flfcp) I 

(ii) dd 3RTPd f^TI3Tt 4Tt #PT fdd*l fdHfriRsId dTSTri Idddf 4d 3H'-lldH dT 

dwfdd ^)dl |? I 

(a) ddP-dfdd VfdsPI (3H$flTd)fM4> f*4ri) 

(b) 3# 3TT%^T 

(c) ^P£Td W1 

(d) d^f 

(iii) PlH'fdRsId if % dZdt dt %%% : 

(a) jt + , (b) K + , (c) A ++ , (d) Z°, (e) Q 

(i) State the three characteristic properties of strong, weak and electromagnetic forces 
distinguishing one from the other. 

(ii) Point out the interactions in which the following conservation laws are obeyed or 
violated 

(a) Isotopic spin 

(b) Hyper charge 

(c) Lepton number 

(d) Charge conjugation 

(iii) Write down the quark constituents of each of the following : 

(a) 7i + , (b) K + , (c) A'", (d) 1°, (e) Q 5+10+5=20 

■Q^F ij+riRR drfr hr ddd RRt if dPTT 3td^M<+|q q<muj3rt (n dfd 

3TJddd) dTT T3*F dd dTd T d* f I 3RR df dd dWddHH % Idd^l diT 3PJddJT d*dT t, df 
dd dd -^Mdid 3^T dffd dTd I 

A system of paramagnetic atoms (N per unit volume) which can occupy only two energy levels 
in a uniform external magnetic field H is at a temperature T. If this system follows Boltzman’s 
distribution, find the magnetisation and susceptibility of the system. 20 

3tfddl'dddl ^ ddd % d4)«h<u| qq ^dld dR=I ^ %dd d^f % ^dddl dTH 3ffc 

dd% dft dwr# 1 

Obtain the expression for penetration depth using London’s equation of superconductivity and 
explain its significance. 10+5=15 

ddt 3T^rilvPf ^ ddT 3lk TT££ fq^R (^d) % ddTdt -t-riHH shdd: 0-07 m Q 3lfc 0-4 m 0 f, 

d$l m Q drb % | •Hide) ^ "fddT % fd^l 3i1dd IdSTTf^d cfcld % 

fddlfR dTd d>T 3TTm | eft IddRl ^t dfddfddT dd dftdRR dd df dfddfddT 

0-8 m 2 voir 1 s -1 % I 

In a semiconductor, the effective masses of an electron and a hole are 0-07 m 0 and 0-4 m 0 , 
respectively, where m 0 is the free electron mass. Assuming that the average relaxation time for 
the hole is half of that for the electrons, calculate the mobility of the holes when the mobility 
of the electrons is 0-8 m 2 volt -1 s -1 . . : 15 
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8. (a) 


8.(b) 


Me) 



Tf TRefai 'drt1'4 c b ^rl^M u l ^1^1 RTT I? I 

3FR £TRT effi^T (*PT) p = 100 3ffc a.c. \3ctt4qi IjfcKtcI = 25-0 Q ^f, eft ‘SRSfai m(c1«(I^TT 

3ffc cflc-<fcTT eff^T 'ftsrfiTcT I 

An amplifier in common-emitter configuration is shown in the above figure. 

If the current gain (3=100 and the a.c. emitter resistance = 25-0 Q., determine the input 
impedance and the voltage gain of the amplifier. 15 


-12 V 



37R f^TT Wl ^r-3T^PTRT p-^Tel JFET hRm^T % : 

3FR ^cTT 5-0Vt 3T* V DS = 6-0Vi cTt ^T# m\ I DSS I 

Given above is a circuit of self biased p-channel JFET. 

If the pinch off voltage is 5-0 V and V DS = 6 0 V, calculate the saturation current I DSS . 15 

cf^T -rfim ^ (I^PT sfkfez) TO ^ ^ ^ 

oi|c|^«rT | 1% f^T c1<6 TrBrat ^ ti<sdl ^ °TTW <*><<11 

t 1 ^ f^r tffr "fwr &°mhm wit a % ^rrf^t % 3ffc 

y-Ms+* u ft <FT eimcfi f I 

Draw a schematic diagram of the single particle energy levels in a shell model including the 
effect of spin-orbit coupling. Show how it explains magic numbers in nuclei. Give two examples 
to show how this scheme predicts the spins and particles of odd A nuclei. 20 
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